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(54) Open vessel sealing instrument with cutting mechanism 

(57) An open electrosurgical forceps for sealing tis- 
sue includes a pair of first and second shaft members 
each having a jaw member disposed at a distal end 
thereof. The jaw members are movable from a first po- 
sition in spaced relation relative to one another to a sub- 
sequent position wherein the jaw members cooperate 
to grasp tissue therebetween. Each of the jaw members 
includes an electrically conductive sealing plate for com- 
municating electrosurgical energy through tissue held 
therebetween. At least one of the jaw members includes 
a cutting slot defined along a length thereof which is di- • 
mensioned to reciprocate a cutting instrument the- 
realong for cutting tissue disposed between jaw mem- 
bers. An actuator advances the cutting instrument from 
a first position wherein the cutting instrument is dis- 
posed proximal to tissue held between the jaw members 
to at least one subsequent position wherein the cutting 
instrument is disposed distal to tissue held between the 
jaw members. 
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vessel sealing purposes. 

[0011] There exists a need to develop an open elec- 
trosurgical forceps which is simple, reliable and inex- 
pensive to manufacture and which effectively seals tis- 
sue and vessels and which allows a surgeon to utilize 
the same instrument to effectively sever the tissue along 
the newly fomied tissue seat. 

SUMMARY 

[001 2] The present disclosure relates to an open elec- 
trosurgical forceps for sealing tissue and includes a pair 
of first and second shaft members each having a jaw 
member disposed at a distal end thereof. The jaw mem- 
bers are movable from a first position In spaced relation 
relative to one another to at least one subsequent posi- 
tion wherein the jaw members cooperate to grasp tissue 
therebetween. Each of the jaw members includes an 
electrically conductive sealing plate or sealing surface 
on an inner facing surface which communicates electro- 
surgical energy through tissue held therebetween. Pref- 
erably, one of the jaw members Includes a cutting slot 
defined along a longitudinal length thereof which is di- 
mensioned to reciprocate a cutting instrument the- 
realongto sever tissue held between the jaw members, 
An actuator is included for selectively advancing the cut- 
ting instrument from a first position wherein the cutting 
instrument is disposed proximal to tissue held between 
the jaw members to at least one subsequent position 
wherein the cutting instrument is disposed distal to tis- 
sue held between the jaw members. 
[0013] In one embodiment, the actuator includes a 
trigger assembly which cooperates with a pulley and ca- 
ble system to advance the cutting instrument from the 
first to second positions through tissue held therebe- 
tween. The trigger assembly of the actuator may be 
moved proximally, drstally or laterally to distally advance 
the cutting instrument through the cutting slot. 
[001 4] Preferably, the forceps includes a safety mech- 
anism or lockout to prevent reciprocation of the cutting 
instrument when the jaws are disposed in the first posi- 
tion. The lock out may form part of the trigger assembly 
and/or part of one or both of the jaw assemblies. 
[0015] In one embodiment, each of the shafts in- 
cludes a handle and at least one of the handle defines 
a track therethrough for reciprocating a cable of the pul- 
ley and cable system. The cable Is mechanically en- 
gaged with the cutting, instrument such that movement 
of the cable imparts movement of the cutting instrument 
between the first and subsequent positions. Preferably, 
the cable is manufactured from a plastic or braided flex- 
ible material and may include one or more stiffeners to 
prevent the cable from buckling within the track. 
[0016] In another embodiment, the forceps includes 
one or more springs which automatically bias the cutting 
instrument in the first position such that after the cutting 
instrument severs the tissue held between the jaw mem- 
bers, the cutting instrument automatically returns to the 


first position. Preferably, the trigger assembly includes 
at least one spring for automatically returning the cutting 
instrument back to the first position. 
[0017] In another embodiment, the actuator includes 

5 a trigger assembly which cooperates with a rack and 
pinion system to advance the cutting instrument from 
the first to second positions through tissue held there- 
between. Preferably, the rack and pinion system is en- 
gaged with one of the first and second shaft members. 

10 The trigger assembly of the actuator may be moved 
proximally, distally or laterally to distally 'advance the 
cutting instrument through the cutting slot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0018] Various embodiments of the subject instru- 
ment are described herein with reference to the draw- 
ings wherein: 

Fig. 1 A is a left, perspective view of an open forceps 
according to the present disclosure; 

Fig. 1 B is a left, side view of the forceps of Fig. 1 A; 

Fig. 1C is an internal view of the forceps of Fig. 1 A 
showing a rack and pinion actuating mechanism for 
advancing a cutting knife; 

Fig. 1 D is an internal, perspective view of an alter- 
nate embodiment of the open forceps according to 
the present disclosure having a rack and pinion ac- 
tuating mechanism for advancing the cutting knife; 

Fig. 1 E is an enlarged, perspective view showing 
the distal end of the actuating mechanism which at- 
taches to the cutting knife; 

Fig. 2A is a left, perspective view of an alternate em- 
bodiment of an open forceps according to the 
present disclosure; 

Fig. 2B is a left, side view of the forceps of Fig. 2A; 

Fig. 2C is an internal view of the forceps of Fig. 2A 
showing a flexible linkage actuating mechanism for 
advancing the cutting knife; 

Fig. 2D is an internal view of the forceps of Fig. 2A 
showing a flexible wire actuating mechanism for ad- 
vancing the cutting knife; 

Fig. 2E is a side, internal view of the trigger for ad- 
vancing and retracting the flexible wire of Fig. 2D; 

Fig. 3 is a perspective view of an alternate embod- 
iment of the open forceps according to the present 
disclosure having a forwardly activateable actuat- 
ing mechanism for advancing the cutting knife; 
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cutting knife; 

Fin 5A is an inlernal, side view of aforceps accord- 
nections therein; 

Fig 5B is across section of the electrosurgical ca- 
ble taken along line 5B-5B of F.g. 5A; 

Fie 5C is a side view of the electrosurgical cable 
2 pari Of the outer insu.ative sheathing removed, 

Fin 6A is an enlarged view of a safety mechanism 
So!5i;g"the present disclosure Shown inad.s. 

engaged position; 

Fig. 6B is a greatly-enlarged view of the safety 
mechanism of Fig. 6A; 

Fia 6C is a greatly-enlarged view of the safety 
m'echanism of ng.6A Shown being actuated, 

c- fin a areatly-enlarged view of the safety 
'^LanilmXeV-nanactivatedp^^^^^ 
tow reciprocation of the actuating mechanism, 

of the open forceps described above; 

Fig. 6F is a greatly-enlarged view oi^ ^^^J^^^^^ 
for use with the safety mechanem of F.g. 6E, and 

r- T ic an enlaraed, top view showing a cutting 
ting around a curved jaw member. 
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therewith. 

[0025] As best seen in Figs. 1A and 1B, the two op- 
posing jaw members 62 and 64 of the end effector as- 
sembly 60 are pivotable about pin 65 from the open po- 
sition to the closed position for grasping tissue therebe- 5 
tween. Jaw members 62 and 64 are generally symmet- 
rical and include similar component features which co- 
operate to permit facile rotation about pivot pin 65 to ef- 
fect the grasping and sealing of tissue. As a result and 
unless otherwise noted, jaw member 62 and the opera- 
tive features associated therewith are initially described 
herein in detail and the similar component features with 
respect to jaw member 64 will be briefly summarized 
thereafter. Moreover, many of the features of the jaw 
members 62 and 64 are described in detail In common- 
ly-owned U.S. Patent Application Serial Nos. 
101284.562, 101116,824, 09/425,698, 09/178,027 and 
PCT Application Serial No. PCT/US01/11420 the con- 
tiBnts of which are all hereby incorporated by reference 
in their entirety herein. 

[0026] Jaw member 62 includes an insulated outer 
housing 63 which is dimensioned to mechanically en- 
gage an electrically conductive sealing surface 67. The 
outer insulative housing 63 extends along the entire 
length of jaw member 62 to reduce alternate or stray 
current paths during sealing and/or incidental burning of 
tissue. The electrically conductive surface 67 conducts 
electrosurgical energy of a first potential to the tissue 
upon activation of the handswitch 50. Insulated outer 
housing 63 is dimensioned to securely engage the elec- 
trically conductive sealing surface 67. It is envisioned 
that this may be accomplished by stamping, by overmo- 
Iding, by overmolding a stamped electrically conductive 
sealing plate and/or by overmolding a metal injection 
molded seal plate. Other methods of affixing the seal 
surface 67 to the outer housing 63 are described in detail 
in one or more of the above-identified references. 
[0027] It is also envisioned that the electrically con- 
ductive sealing surface 67 may include a pinch trim (not 
shown) which facilitates secure engagement of the elec- 
trically conductive surface 67 to the insulated outer 
housing 63 and also simplifies the overall manufacturing 
process. It is also contemplated that the electrically con- 
ductive sealing surface 67 may include an outer periph- 
eral edge which has a radius and the insulated outer 
housing 63 meets the eiectrically conductive sealing 
surface 67 along an adjoining edge which is generally 
tangential to the radius and/or meets along the radius. 
Preferably, at the interface, the electrically conductive 
surface 67 Is raised relative to the insulated outer hous- 
ing 63. These and other envisioned embodiments are 
discussed in commonly-owned, co-pending PCT Appli- 
cation Serial No. PCT/US01/11412 and commonly 
owned, co-pending PCT Application Serial No. PCT/ 
US01/11411 , the contents of both of these applications 
being incorporated by reference herein in their entirety. 
[0028] Preferably, the insulated outer housing 63 and 
the electrically conductive sealing surface 67 are dimen- 


sioned to limit and/or reduce many of the known unde- 
sirable effects related to tissue sealing, e.g., flashover, 

thermal spread and stray current dissipation. All of the 
aforementioned and cross referenced manufacturing 
techniques produce an electrode having an electrically 
conductive surface 67 which is substantially surrounded 
by an insulated outer housing 63. 
[0029] Likewise, jaw member 64 includes similar ele- 
ments which include: an outer housing 66 which engag- 
es an electrically conductive sealing surface 68. The 
electrically conducive sealing surface 68 conducts elec- 
trosurgical energy of a second potential to the tissue up- 
on activation of the handswitch 50. 
[0030] It is envisioned that one of the jaw members, 
e.g., 62, includes at least one stop member (not shown) 
disposed on the inner facing surface of the electrically 
conductive sealing surface 67 (and/or 68). Alternatively 
or in addition, the stop member may be positioned ad- 
jacent to the electrically conductive sealing surfaces 67, 
68 or proximate the pivot pin 65. The stop member(s) is 
preferably designed to facilitate gripping and manipula- 
tion of tissue and to define a gap "G" (Fig. 1 A) between 
opposing jaw members 62 and 64 during sealing. Pref- 
erably the separation distance during sealing or the gap 
distance "G" is within the range of about 0.001 inches 
(-0.03 millimeters) to about 0.006 inches (-0.016 mil- 
limeters). 

[0031] A detailed discussion of these and other envi- 
sioned stop members as well as various manufacturing 
and assembling processes for attaching, disposing, de- 
positing and/or affixing the stop members to the electri- 
cally conductive sealing surfaces 67, 68 are described 
in commonly-assigned, co-pending PCT Application 
Serial No. PCT/US01/11 222 which is hereby incorporat- 
ed by reference in its entirety herein. 
[0032] As mentioned above, two mechanical factors 
play an important role in detennining the resulting thick- 
ness of the sealed tissue and effectiveness of the seal, 
i.e., the pressure applied between opposing. jaw mem- 
bers 62 and 64 and the gap "G" between the opposing 
jaw members 62 and 64 (or opposing seal surface 67 
and 68 during activation). It is known that the thickness 
of the resulting tissue seal cannot be adequately con- 
trolled by force alone. In other words, too much force 
and the two jaw members 62 and 64 would touch and 
possibly short resulting in little energy traveling through 
the tissue thus resulting in a bad seal. Too little force 
and the seal would be too thick. Applying the correct 
force is also important for other reasons: to oppose the 
walls of the vessel; to reduce the tissue impedance to a 
low enough value that allows enough current through 
the tissue; and to overcome the forces of expansion dur- 
ing tissue heating in addition to contributing towards cre- 
ating the required end tissue thickness which is an indi- 
cation of a good seal. 

[0033] Preferably, the seal surfaces 67 and 68 are rel- 
atively flat to avoid current concentrations at sharp edg- 
es and to avoid arcing between high points. In addition 
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tion of the jaw members 62 ana wi 
tn thp reaction force of the tissue, 
due to tne redt-uun i r and 1 D the iaw mem- 

r00341 AsbestseeninFigs.lCanaiu.uiBj 

62 and 64 include a knife channel 69 disposed ther- 
ebetween wS is configured to allow reciprocation o 

^^^^^^ 

are closed about the tissue. 
?M3M Fig. 1 B shows a lockout mechanism 47 asso- 
Sated with the actuating assemb^ 40 to prevent ad- 
:Slentofthecuttingmechanismun^^^^^^^^^ 
Korc. are oositioned about tissue. Other lockout mecn.* 
SrSatures are -sc.-^^^^^^^^^^^^ 

^.^dtri"rra^i^^^^^^^^^^^ 

he?e;nSr;ntirety.Figs.6A-6Dshowanotherexam- 

ple of a safety / lockout mechanism. 
InMRl As best shown in Figs. 1A - 1D, tne arrai 9» 
Te t of sJaftla is slightly different from shaft 20^Mc.e 
particularly, shaft 20 is hollow to ^et-ne 
therethrough which is dimensioned to house botn ine 
Sswitc? 50 (and the electrical --po-jj^^^^^^^^^ 
ated therewith as explained in more detail below) ano 
fhe actuating mechanism 40. As best seen in FigsJC 
Ind I D Te actuating mechanism 40 includes a finger 
"b 42 wi'is operLely associated with a ' jst gear 
rack 44 such that movement of the finger tab 42 moves 
e flit rack 44 in a corresponding direction^ The actu^ 
ating mechanism 40 also Includes a second gear rack 
Twhteh is operatively associated with a drive rod 48 
whJhSvancesthecuttlngmechanism 90 as willbe ex- 
rained in more detailbelow.Driverod48mcludesad.s- 
Send ^9 Which is configured to mechanically support 
the cutting mechanism 90 (See Fig. 1 E). 
[0037] Distal end 49 may include one or rnore 9uide 


. nntch 43 Which prevents movement thereof 

firing of the cutting mechanism 90 when the forceps 
■Lrtt:rporSS::n the fi.st and second 
K racks 44 and 46, respectively, is a pinion gear 45 
,0 ^"eJhlticallymesheswithbo* 

A« Pnri converts proximal motion of the finger taD 4^ imo 
sarans^S^ 

rcSS— ^^^^^^^ 

.0 a^row "B") which advances the c"«.n9 m^^^^^^^^^^^^ 
through tissue grasped between jaw -^ef"^^^^^^^^^^^^ 
64 As mentioned above, the cutting r^echanism 90 e. 
TkXbLe, Wire, etc., is advanced through channel 
ig upon distal translation of the drive rod 48. 
2S ro0391 It IS envisioned that multiple gears or gears 

so CvSeS'onalmechanicaladvantageforadvanc. 

na he members through tissue. As best shown m 
pS?c?*elkandpinionarrangementmaybecurved 

S spia purposes 'and to facilitate handling and/or to 
en-etfeoveralle^^^^^^^^ 

thereof such that upon release of the ^'^S^^ab 42' 
Torceofthe spring 85 automat^ailyreturnst^^^^^^^^ 
44toitsdistalmostpositionwrthinchannel29^0bvi^^ 
.0 ly spring 85 may be operatively connected to b,as the 
Lond rack 46 to achieve the same purpose, 
Sn preferably, the finger tab 42 Includes one or 

Sr ^rio s»^o- embodiment of he 

orSt enclosure similar to the embodiment of Fig. 1C 

50 Eh includes a ratchet 74 for selectively oc .ng tf^^ 
law members 62 and 64 relative to one another at van 
Ts positions during pivoting. A first ratche^ interf^ 6 
extends from the proximal end 14 of shaft membe 12 
towarSs I s^cond ratchet interface 78 on the proximal 
Td'J o?shaft 20 in a generally verticaily aligne 
ner such that the inner facing surfaces of each rate e 
76 and 78 abut one another upon '^f f^. 
sue Preferably, each mtchet interface 76 and 78 in 
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eludes a plurality of flanges 77a and 77b, respectively, 
which project from the inner facing surface of each 
ratchet Interface 76 and 78 such that the ratchet inter- 
faces 77a and 77b interlock In at least one position. In 
the embodiment shown in Fig. 1 D, the ratchet interfaces 
77a and 77b interlock at several different positions. 
[0043] Preferably, each position associated with the 
cooperating ratchet Interfaces 77a and 77b holds a spe- 
cific, i.e., constant, strain energy in the shaft members 
12 and 20 which, In turn, transmits a specific closing 
force to the jaw members 62 and 64. (t is envisioned that 
the ratchet 74 may include graduations or other visual 
markings which enable the user to easily and quickly 
ascertain and control the amount of closure force de- 
sired between the jaw members. 
[0044] Fig. 1D also shows a lockout mechanism 99 
which is designed to prevent firing of the cutting mech- 
anism until the jaw members 62 and 64 are moved into 
closed position about tissue. As can be appreciated, the 
lockout 99 acts as a safety mechanism to prevent acci- 
dental severing of tissue prior to formation of a tissue 
seal. It is also envisioned that the lockout could cooper- 
ate with one or more electrical or electromechanical 
sensors (not shown) which prevent the cutting mecha- 
nism 90 from advancing through tissue until a tissue seal 
has been created. For example, the lockout 99 could 
include a sensor which upon completion of a tissue seal 
activates a switch or release (not shown) which unlocks 
the cutting mechanism 90 for advancement through tis- 
sue. 

[0045] It is' envisioned that by making the forceps 10 
disposable, the forceps 1 0 is less likely to become dam- 
aged since it Is only intended for a single use and, there- 
fore, does not require cleaning or sterilization. As a re- 
sult, the functionality and consistency of the vital sealing 
components, e.g., the conductive surfaces 112 and 122, 
the stop member(s) 150, and the insulative housings 
124 and 114 will assure a uniform and quality seal. 
[0046] Figs. 2A-2E show another embodiment of the 
presently disclosed forceps 100 which includes an al- 
ternative actuating mechanism 140 which selectively 
advances the cutting mechanism 190 to separate the 
tissue once sealed. More particularly, forceps 140 in-, 
eludes shafts 1 1 2 and 1 20 which cooperate to move jaw 
members 162 and 1 64 from a first position wherein the. 
jaw members 162 and 164 are disposed in spaced re- 
lation relative to one anotherto a second position where- 
in the jaw members cooperate to grasp tissue therebe- 
tween. Much like the forceps 10 of Figs. 1A-1C, shaft 
112 and shaft 120 are dimensioned to allow reciproca- 
tion of shaft 112 within the elongated channel 121 of 
shaft 120. In addition, jaw members 162 and 164 are 
similar to the jaw members 62 and 64 of Figs, 1A-1C 
and Include similar elements and features, e.g., sealing 
surfaces 167 and 168, outer Insulative housings 163 
and 166 and pivot 165. Forceps 100 also includes ring 
handles 115 and 1 1 7 which each define a con^esponding 
finger hole 115a and 117a, respectively, therein to ena- 


ble the user to manipulate and grasp tissue with the jaw 
members 162 and 164. 

[0047] Ring handle 117 Includes an elongated drive 
path 119 defined therethrough which extends from the 

5 chamber 129, around the ring handle 117 and through 
the shaft 120 to the distal end of the forceps 100. As 
best seen in Figs. 2B and 2C the finger tab 1 42 is slide- 
able within channel 129 in a proximal direction (repre- 
sented by arrow "A") which advances the cutting mech- 

10 anism 90 through tissue held between jaw members 1 62 
and 1 64. More particularly, the finger tab 1 42 is connect- 
ed to a sled-like carrier 144 which is operatively con- 
nected to a flexible element 148 such that movement of 
the carrier 144 moves the element 148. Element 148, in 

'5 turn, is reciprocated within the drive path 119 and ex- 
tends around the handle 1 1 7 to the distal end 1 1 6 where 
the distal end 149 mechanically engages the cutting 
mechanism 90. As can be appreciated, proximal move- 
ment of the finger tab 142 moves the flexible element 

20 148 within the drive path 119 around the handle 117 
which distally advances the cutting mechanism 90 
through tissue. It is envisioned that designing the for- 
ceps 100 to have the driving flexible element 148 ad- 
vance around the ring handle 117 provides maximum 

25 spatial benefit and facilitates handling of the forceps 
100. A spring 185 may be employed to bias the finger 
tab 142 in a distal-most position and automatically return 
the finger tab 142 after deployment. 
[0048] It Is envisioned that the actuating mechanism 

30 140 could be configured utilizing one or more pulleys 
225 (See Fig. 2E) to facilitate translation of the flexible 
element 1 48 through the tissue. In addition, it is contem- 
plated that the actuating mechanism 140 can be config- 
ured such that distal movement of the finger tab 142 ad- 

35 vances the flexible element 148 in a distal direction to 
cut tissue utilizing one or more pulleys (See Fig. 2E). 
[0049] Fig. 2C preferably utilizes a flexible plastic 
sheath or flexible linkage as the flexible element 148 to 
advance the cutting mechanism 90. It Is envisioned that 

40 the flexible linkage prevents buckling during activation. 
However and as best seen in Fig. 2D, a flexible wire may 
be utilized in lieu of the flexible plastic sheath. Wire 248 
operates in a similar fashion as the plastic flexible 
sheath 148 of Fig. 2C such that upon movement of the 

45 finger tab 1 42 the flexible wire 248 advances the cutting 
mechanism 90 through tissue held between jaw mem- 
bers 162 and 164. 

[0050] Figs. 5A-5C show the electrical details relating 
to the switch 50. More particularly and as mentioned 

50 above, cable 70 includes three electrical leads 70a, 70b 
and 70c which are fed through shaft 20. The electrosur- 
gical cable 70 is fed into the bottom of shaft 20 and is 
held securely therein by one or more mechanical inter- 
faces (not shown). Lead 70c extends directly from cable 

55 70 and connects to jaw member 64 to conduct the sec- 
ond electrical potential thereto. Leads 70a and 70b ex- 
tend from cable 70 and connect to the hand switch or 
joy-stick-like toggle switch 50 (or 150 in Fig. 2A). 
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[0051 1 Several different types of handswitches 50 are 
envisioned, for example, switch 50 is a regular push- 
button style switch while switch 150 of Fig. 2A is more 
like a toggle switch. It Is envisioned that a toggle switch 
150 permits the user to selectively activate the forceps 
10 in a variety of different orientations, I.e., multl-onent- 
ed activation, which simplifies activation. One particular 
type of handswitch is disclosed in commonly-owned, co- 
pending U.S. Patent Application Serial No. 10/460.926 
the contents of which are hereby Incorporated by refer- 
ence herein. . 
[0052] The electrical leads 70a and 70b are electncal- 
ly connected to the switch 50 (or 1 50). When the switch 
50 is depressed, a trigger lead 71 carries the first elec- 
trical potential from the switch 50 to jaw member 62. As 
mentioned above, the second electrical potential is car- 
ried by lead 70c directly from the generator (not shown) 
to jaw member 64. It is envisioned that a safety switch 
or circuit (not shown) may be employed such that the 
switch 50 cannot fire unless the jaw members 62 and 
64 are closed and/or unless the jaw members 62 and 
64 have tissue 420 held therebetween. In the latter in- 
stance, a sensor (not shown) may be employed to de- 
termine if tissue is held therebetween. In addition, other 
sensor mechanisms may be employed which determine 
pre-surgical, concurrent surgical (i.e., during surgery) 
and/or post surgical conditions. The sensor mecha- 
nisms may also be utilized with a closed-loop feedback 
system coupled to the electrosurgical generator to reg- 
ulate the electrosurgical energy based upon one or 
more pre-surgical, concurrent surgical or post surgical 
conditions. Various sensor mechanisms and feedback 
systems are described in commonly-owned, co-pending 
U S Patent Application Serial No. 1 0/427.832 the entire 
contents of which are hereby incorporated by reference 
herein. 

[0053] Preferably, the jaw members 62 and 64 are 
electrically isolated from one another such that electro- 
surgical energy can be effectively transferred through 
the tissue to form a tissue seal. Preferably, each jaw 
member e g., 62, includes a uniquely-designed electro- 
surgical cable path disposed therethrough which trans- 
mits electrosurgical energy to the electrically conductive 
sealing surface 67. It Is envisioned that jaw member 62 
may include one or more cable guides or crimp-like elec- 
trical connectors to direct cable lead 71 towards electri- 
cally conductive sealing surface 67. Preferably, cable 
lead 71 is held loosely but securely along the cable path 
to permit pivoting of the jaw member 62 about pivot 65. 
[0054] As best shown in Figs. 5B and 5C, the cable 
leads 70a, 70b and 70c are protected by two insulative 
layers, an outer protective sheath 76 which surrounds 
all three leads 70a, 70b and 70c and a secondary pro- 
tective sheath 75a, 75b and 75c which surrounds each 
Individual cable lead, 70a, 70b and 70c, respectively. 
The two electrical potentials are isolated from one an- 
other by virtue of the insulative sheathing surrounding 
each cable lead 70a, 70b and 70c. 


[0055] Fig. 3 shows yet another embodiment of the 
forceps 300 according to the present disclosure wherein 
the actuating mechanism 340 includes a slide switch 
342 which advances the cutting mechanism 90 (not 
5 shown in this figure) through tissue grasped between 
opposing jaw members 362 and 364. More particularly, 
the slide switch 342 Is pushed distally within channel 
329 disposed in the shaft 320 by the surgeon to selec- 
tively sever tissue once sealed. The switch 342 may in- 
to dude a bias member or spring 343 which automatically 
returns the cutting mechanism once advanced in a distal 
direction, i.e., automatic retum. Other biasing members 
are also contemplated which are known In the art. e.g.. 
elastomeric bands, pulleys, etc. 
15 [0056] Alternatively, the actuating mechanism 340 
may be spring-loaded and advanced automatically 
when switch 342 is depressed by the surgeon . After de- 
ployment, the surgeon manually retracts the switch 342 
to reset the switch 342 and cutting mechanism 90 for 
20 subsequent deployment. 

[0057] Fig. 4 shows yet another embodiment of the 
presently disclosed forceps 400 which includes a lever- 
like actuator 440 which is designed to advance the cut- 
ting mechanism 90 through tissue grasped between jaw 
25 members 462 and 464. More particularly, actuating 
mechanism 440 includes a finger tab 442 which is po- 
sitionedfor actuation by the userandwhich is connected 
to a proximal end of a first link 444. Link 444 is. in turn, 
connected at a distal end thereof to one end of a pivot 
30 lever 445. Pivot lever 445. in tum. is connected at the 
opposite end thereof to a second link 446 which con- 
nects to the cutting mechanism 90. 
[0058] Pivot lever 445 is rotatably connected about a 
pivot pin 447 to shaft 420 such that movement of the 
35 fingertab 442 and link 444 in a proximal direction distally 
advances link 446 in a distal direction to move the cut- 
ting mechanism 90 through tissue. A spring (not shown) 
may be included to automatically return the finger tab 
442 to its distal-most position after cutting. Alternatively, 
40 a third ring handle (not shown) may be employed in lieu 
of the finger tab 442 to advance link 444 to actuate the 
pivot lever 445. 

[0059] As mentioned above, the knife channel 69 may 
be fomied with a lockout or one or more other safety 
45 features which prevent the knife 90 from advancing 
through the tissue until the jaw members 62 and 64 are 
closed about the tissue. As best seen in Figs. 6A-6D, 
one possible lockout or safety mechanism 505 is envi- 
sioned which both prevents actuation of the cutting 
50 blade 90 when the jaw members 62 and 64 are disposed 
in an open configuration and also prevents opening of 
the jaw members 62 and 64 when the actuating mech- 
anism 40 Is being deployed to advance the cutting blade 
90. 

55 [0060] More particularly, the shaft 520 and respective 
handle 517 may be configured to include an elongated 
channel 529 disposed therethrough which allows recip- 
rocation of a safety bar 527 therein. Although shown as 
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generally an elongated channel, It Is envisioned that the 
channel 529 may be circular or curved to accomplish 
the same purpose. Channel 529 is composed of two 
channel halves 529a and 529b disposed in horizontal 
registry with one another and which are separated by 
an opening 537 therebetween. 
[0061 ] A leaf spring 525 (or the like) is disposed within 
a chamber 523 defined in the handle 51 7 and is move- 
able within the chamber 523 from a first position wherein 
the spring 525 is biased to block opening 537 to a sec- 
ond position wherein the spring 525 is forced out of 
opening 537 to allow reciprocation of the safety bar 527. 
Handle 515 Includes a flange 513 which extends up- 
wardly towards handle 517 and which includes an ap- 
erture 519 defined therein which is dimensioned to re- 
ceive the safety bar 527 therethrough. The flange 513 
Is designed to be in vertical registration with opening 
537. 

[0062] In use, as the jaw members 62 and 64 grasp 
tissue (move from the first to second positions), the 
flange 513 is forced Into opening 537 to dislodge the 
spring 525 out of the opening 537 and into chamber 523. 
When the spring 525 is at least substantially incorporat- 
ed into chamber 523, the aperture 51 9 will align with the 
elongated channels 529a and 529b (See Fig. 6C), As 
mentioned above, a ratchet may be employed to hold 
the two handles 515 and 517 together with the appro- 
priate closure force for sealing tissue. At this point, the 
user is free to activate the actuating mechanism 40 to 
advance the cutting blade 90 which as best seen in Fig, 
6D translates the safety bar 527 proximally and through 
aperture 513 and into elongated channel 529b, As can 
be appreciated, the user is prevented from advancing 
the cutting blade 90 until the jaw members 62 and 64 
are closed about tissue. Moreover, when the actuating 
mechanism 40 is activated, the handles 515 and 517 
are locked and cannot be opened until the actuating 
mechanism 40 is released. 

[0063] Figs. 6E and 6F show another version of a 
safety or lockout mechanism 700 which acts to prevent 
the cutting blade 90 from being distally activated when 
the forceps Is disposed In an open configuration, i.e., 
the jaw members 62 and 64 are spaced relative to one 
another. More particularly, lockout mechanism 700 is 
designed of two components which mechanically coop- 
erate to prevent accidental blade advancement, namely, 
a cutting blade earner 749 and a blade lockout slot 715. 
Cutting blade carrier 749 is configured to mechanically 
support the cutting blade 90 for advancement through 
tissue held between the jaw members 62 and 64 and 
preferably Includes a detent or protrusion 720 which ex- 
tends from at least one side thereof. The lockout slot 
715 is preferably disposed in a proximal portion of jaw 
member 64 near the jaw pivot 165. 
[0064] When the jaw members 62 and 64 are closed 
about tissue, the detent 720 Is freely extendible within 
a blade slot 730 disposed within at least one of the jaw 
members, e.g., jaw member 64, to cut tissue. Preferably, 


a return spring (not shown) automatically returns the 
cutting blade 90 once the user releases the actuator 40. 
When the jaw members 62 and 64 are disposed in an 
open configuration, the detent 720 rotates into lockout 
5 slot 715 thus preventing distal reciprocation of the cut- 
ting blade 90 when the actuator 40 is actuated. A guide 
notch 725 may be positioned within slot 730 to facilitate 
entry of the detent 720 into lockout slot 715. 
[0065] Fig. 7 shows an alternate embodiment of the 
cutting mechanism 690 which is distally advanceable to 
cut tissue disposed between the jaw members 662 and 
664. More particularly, cutting mechanism 640 is de- 
signed to include a cutting blade 695 which is distally 
advance above by a drive rod 648 through a curved knife 
slot 669 disposed between jaw members 662 and 664. 
The drive rod 648 and the cutting blade 695 are posi- 
tioned slightly off-axis to allow for blade 695 to easily 
move within curved slot 669. In other words, the distal 
end of the instrument includes a longitudinal axis "AA" 
defined therethrough and the drive rod 648 is positioned 
at an angle a relative to the longitudinal axis "AA". As 
can be appreciated, positioning the drive rod "off-axis" 
enables the cutting blade 695 to move more easily move 
through the knife channel 669 to cut tissue disposed be- 
tween the jaw members 662 and 664. It is envisioned 
that the jaw members 662 and 664 and/or the drive rod 
648 may include a safety which prevents the blade 695 
from reciprocating in the knife channel 669 when the jaw 
members 662 and 664 are disposed in an open config- 
uration about pivot 665. 

[0066] In operation, the surgeon simply utilizes the 
two opposing handle members 15 and 17 to approxi- 
mate and grasp tissue between jaw members 62 and 
64. The surgeon then activated the handswitch (or foot- 
switch if applicable) to provide etectrosurgical energy to 
each jaw members to communicate energy through the 
tissue held therebetween. Once sealed the surgeon ac- 
tivates the actuating mechanism 40 to advance the cut- 
ting blade 90 th rough the tissue to sever the tissue along 
the tissue seal. 

[0067] From the foregoing and with reference to the 
various figure drawings, those skilled in the art will ap- 
preciate that certain modifications can also be made to 
the present disclosure without departing from the scope 
of the same. For example, although the electrical con- 
nections are preferably incorporated within one shaft 20 
and the forceps is intended for right-handed use, it is 
contemplated the electrical connections may be incor- 
porated within the other shaft 12 depending upon a par- 
ticular purpose and/or to facilitate manipulation by a left- 
handed user. 

[0068] It is also contemplated that the forceps 10 
(and/or the electrosurgical generator used in connection 
with the forceps 10) may include a sensor or feedback 
mechanism (not shown) which automatically selects the 
appropriate amount of electrosurgical energy to effec- 
tively seal the particulariy-slzed tissue grasped between 
the jaw members 62 and 64. The sensor or feedback 
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mechanism may also measure the .mpedance across 
thetissueduringscalingandprovideanindicator(visual 

and/or audible) that an effective seal has been created 
between the jaw members 62 and 64. Common^ 
owned U.S. Patent Application Senal No. 10/427 832 
discloses several different types of sensory feedback 
mechanisms and algorithms which may be utilized for 
this purpose. The contents of this application are hereby 
incorporated by reference herein. 
r00691 Experimental results suggest that the magni- 
tude of pressure exerted on the tissue by the sealing 
surfaces of the jaw members 62 and 64 are important 
inassuringapropersurgicaloutcome.Tissuepressures 

within a working range of about 3 kglcnfi to about 16 
kq/cm2 and, preferably, within a working range of 7 kg/ 
cm2 to 13 kg/cm2 have been shown to be effective for 
sealing arteries and vascular bundles. Tissue pressures 
within the range of about 4 kg/cm^ to about 6 5 kg/cm 
have proven to be partfcularly effective in sealing arter- 
ies and tissue bundles. 

ro070] in one embodiment, the shaft 12 and 20 are 
manufactured such that the spring constant of the shaft 
DOrtions 12a and 1 2b, in conjunction with the placement 
of the ratchet interfaces 32a and 32b, will yield pres- 
sures within the above working range. In addition, the 
successive positions of the ratchet interfaces increase 
the pressure between opposing sealing surfaces incre- 
mentally within the above working range. 
[00711 It is also envisioned that the drive rod 48 may 
be connected to the same or atternate source of elec- 
trosurgical energy and may be selectively energizable 
by the surgeon during cutting. As can be appreciated 
this would enable the surgeon to electrosutgically cut 
the tissue along the tissue seal. As a result thereof, a 
substantially dull blade may be employed to electrosur- 
qically cut the tissue. 

[0072] It is also envisioned that a substantially dull 
blade may be utilized with a spring loadedcutting mech- 
anism which, due to the clamping pressure between the 
opposing jaw members 62 and 64 and due to the force 
at which the spring-loaded cutting mechanism advanc- 
es the cutting blade, the tissue will sever along the tissue 

[00731 In one embodiment, a sealing and cutting 
mechanism is utilized which is selectively attachable to 
a conventional forceps. In other words, the sealing and 
cutting mechanism is disposable and the shaft members 
12 and 20 are reposable. The disposable sealing and 
cutting mechanism along with their respective electro- 
surgical elements simply mount atop one or both shafts 
of a conventional forceps to enable the surgeon to seal 
and cut tissue. Once the surgeon is finished with the op- 
eration, the sealing and cutting mechanism is simply de- 
tached and discarded. 

[0074] In one embodiment, a flexible. blade may be 
used with a one or more of the above cutting mecha- 
nisms to advance through a curved knife channel. For 
example, upon distal advancement of the cutting mech- 


anism, the cutting blade will simply flex and nde around 
the knife channel through the tissue held between law 
members. Alternatively, a curved blade may be util^ed 
which has a similar radius of curvature t^f nrtechan- 
5 nel such that the blade will travel through the knife slot 
without contacting the surfaces of the kn"e channel 
[0075] It is also contemplated that the blade 90 and 
blade slot 730 (See Fig. 6E) may be positioned in offset 
relation to the pivot 165 to faclltete manufacturing and 
10 assembly of the forceps 10. In other words, the prvcrt 
165 is radially orlaterallyoffsetfromthelongitudinalaxis 

"A" disposed through the forceps 10. In this embodi- 
ment the offset configuration of the pivot 165 enables 
the blade 90 to be manufactured in a generally straight 
15 configuration which does not interfere with the pivot 165 
during distal activation thereof. Likewise, the blade slot 
730 may be configured generally straight as well. 
[00761 It is also contemplated thatthe forceps may in- 
clude a safety blade return mechanism (not shown). For 
20 example and as mentioned above, the cutting blade 90 
may include one or more springs which automatically 
return the cutting blade after actuation of the actuator. 
In addition, a manual return may be included which al- 
lows the user to manually return the blade 90 if the au- 
25 tomatic blade return (e.g., spring) should fail due to 
sticking, skewing, or some other unforeseen surgica 
condition. For example, a second pulley (not shown) 
may be employed opposite the actuating mechanism 40 
which allows the user to manually retract the blade 90 
30 Should an automatic return (spring) fail. As can be ap- 
preciated, this second pulley (or series of pulleys rf 
needed) would be connected to the cutting blade 90 and 
would operate to facilitate manual retraction as needed 
during the operation. 
35 [00771 While several embodiments of the disclosure 
have been shown in the drawings, it is not intended that 
the disclosure be limited thereto, as it is intended that 
the disclosure be as broad in scope as the art will allow 
and that the specification be read likewise. There ore, 
40 the above description should not be construed as limrt- 
ing but merely as exemplifications of preferred embod- 
iments Those skilled in the art will envision other mod- 
ifications within the scope and spirit of the claims ap- 
pended hereto. 

45 


Claims 

1 . An open electrosurgical forceps for sealing tissue, 
so comprising: 

a pair of first and second shaft members each 
having a jaw member disposed at a distal end 
thereof, said jaw members being movable from 
55 a first position in spaced relation relative to one 

another to at least one subsequent position 
wherein the jaw members cooperate to grasp 
tissue therebetween; 
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each of said jaw members including an electri- 
cally conductive sealing plate for communicat- 
ing electrosurgical energy through tissue held 
therebetween; 

at least one of said jaw members including a 
cutting slot defined along a length thereof, said 
cutting slot being dimensioned to reciprocate a 
cutting instmment therealong; and 
an actuator for selectively advancing the cut- 
ting instrument from a first position wherein 
said cutting instrument is disposed proximal to 
tissue held between said jaw members to at 
least one subsequent position wherein said cut- 
ting instrument is disposed distal to tissue held 
between said jaw members, said actuator in- 
cluding a trigger assembly which cooperates 
with a pulley and cable system to advance said 
cutting instrument from the first to second po- 
sitions through tissue held therebetween. 

2. An open electrosurgical forceps for sealing tissue 
according to claim 1 wherein said trigger assembly 
of said actuator is pulled proximally to distally ad- 
vance said cutting instrument through said cutting 
slot. 

3. Ah open electrosurgical forceps for sealing tissue 
according to claim 1 whferein said trigger assembly 
of said actuator is pushed distally to distally ad- 
vance said cutting instrument through said cutting 
slot. 

4. An open electrosurgical forceps for sealing tissue 
according to claim 1 wherein said trigger assembly 
of said actuator is moved laterally to distally ad- 
vance said cutting instrument through said cutting 
slot. 

5. An open electrosurgical forceps for sealing tissue 
according to claim 1 further comprising a lockout to 
prevent reciprocation of said cutting instrument 
when said jaws are disposed in the first position. 

6. An open electrosurgical forceps for sealing tissue 
according to claim 5 wherein said lockout forms part 
of the trigger assembly. 

7. An open electrosurgical forceps for sealing tissue 
according to claim 5 wherein said lockout forms part 
of at least one of said jaw members. 

8. An open electrosurgical forceps for sealing tissue 
according to claim 7 wherein said lockout forms part 
of said cutting instrument. 

9. An open electrosurgical forceps for sealing tissue 
according to claim 5 wherein said lockout fonns a 
part of at least one jaw member. 


10. An open electrosurgical forceps for sealing tissue 
according to claim 5 wherein said lockout fomns part 
of at least one of said first and second shafts. 

5 11. An open electrosurgical forceps for sealing tissue 
according to claim 1 wherein each of said shafts in- 
cludes a handle and at least one of said handle de- 
fines a track therethrough for reciprocating a cable 
of said pulley and cable system, said cable being 
10 mechanically engaged with said cutting instrument 
such that movement of said cable imparts move- 
ment of said cutting instrument between the first 
and subsequent positions. 

15 12. An open electrosurgical forceps for sealing tissue 
according to claim 11 wherein said cable includes 
at least one stiffenerto prevent buckling of the cable 
within said track. 

20 13. An open electrosurgical forceps for sealing tissue 
according to claim 1 1 wherein said cable is a braid- 
ed flexible cable. 

14. An open electrosurgical forceps for sealing tissue 
25 according to claim 1 1 wherein said cable is made 

from a plastic material. 

15. An open electrosurgical forceps for sealing tissue 
according to claim 1 further comprising at least one 

30 spring for automatically biasing said cutting instru- 
ment in said first position. 

16. An open electrosurgical forceps for sealing tissue 
according to claim 1 5 wherein said trigger assembly 

35 includes said at least one spring for automatically 
returning said cutting instrument back to said first 
position. 

17. An open electrosurgical forceps for sealing tissue, 
40 comprising: 

a pair of first and second shaft members each 
having a jaw member disposed at a distal end 
thereof, said jaw members being movable from 
45 a first position in spaced relation relative to one 

another to at least one subsequent position 
wherein the jaw members cooperate to grasp 
tissue therebetween; 

each of said jaw members including an electri- 
50 cally conductive sealing plate for communicat- 

ing electrosurgical energy through tissue held 
therebetween; 

at least one of said jaw members including a 
cutting slot defined along a length thereof, said 
55 cutting slot being dimensioned to reciprocate a 

cutting instrument therealong; and 
an actuator for selectively advancing the cut- 
ting instrument from a first position wherein 
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said cutting instrument is disposed proximal to 
tissue held between said jaw members to at 
least one subsequent position wherein said cut- 
ting instrument is disposed distal to tissue held 
between said jaw members, said actuator In- s 
eluding a trigger assembly which cooperates 
with a rack and pinion system to advance said 
cutting Instrument from the first to second po- 
sitions through tissue held therebetween. 

10 

18. An open electrosurgical forceps for sealing tissue 
according to claitn 1 7 wherein said rack and pinion 
system is engaged with one of the first and second 
shaft members. 

15 

19. An open electrosurgical forceps for sealing tissue 
according to claim 1 7 wherein said trigger assembly 
of said actuator is pulled proximally to distally ad- 
vance said cutting instrument through said cutting 
slot. 20 

20. An open electrosurgical forceps for sealing tissue 
according to claim 1 7 wherein said trigger assembly 
of said actuator is pushed distally to advance said 
cutting instrument through said cutting slot. 25 

21. An open electrosurgical forceps for sealing tissue, 
comprising: 

a pair of first and second shaft members each 30 
having a jaw member disposed at a distal end 
thereof, said jaw members being movable from 
a first position in spaced relation relative to one 
another to at least one subsequent position 
wherein the jaw members cooperate to grasp 35 
tissue therebetween; 

each of said jaw members including an electri- 
cally conductive sealing plate adapted to con- 
nect to a source of electrosurgical energy for 
communicating electrosurgical energy through 40 
tissue held therebetween; 
at least one of said jaw members Including a 
cutting slot defined along a length thereof, said 
cutting slot being dimensioned to reciprocate a 
cutting instrument therealong; and 45 
an actuator for selectively advancing the cut- 
ting instrument from a first position wherein 
said cutting instrument is disposed proximal to 
tissue held between said jaw members to at 
least one subsequent position wherein said cut- so 
ting instrument is disposed distal to tissue held 
between said jaw members, said actuator in- 
cluding a trigger assembly which cooperates 
with a rack and pinion system to advance said 
cutting instrument from the first to second po- 55 
sitions through tissue held therebetween; said 
rack and pinion system including a biasing 
member to bias the cutting instrument in a prox- 


imal-most position within the cutting slot. 

22. An open electrosurgical forceps for sealing tissue 
according to claim 21 wherein said biasing member 

is a spring. 

23. An open electrosurgical forceps for sealing tissue 
according to claim 21 further comprising a hands- 
witch disposed on one of the first and second shaft 
members for allowing a user to selectively activate 
the forceps to seal tissue. 
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